An expression for the slope dependence of the frontal velocity of an internal gravity surge in deep water is derived from the momentum equations for two-dimensional, inviscid, steady flow. The effects of bottom friction are incorporated by assuming a universal shape for the head of the surge. The resulting expression is consistent with the slope dependence indicated by existing experimental results for small slopes (<5ø-15ø). The absolute velocity is not predicted by the theory, however, because an indeterminate parameter appears in the result. Furthermore, the experimental data indicate variations in the dependence of nose velocity on slope which depend upon the parameters of the flow itself. It is also shown that the entrainment constant may be estimated from experimental data at large slopes.
INTRODUCTION
The theory of internal gravity surges finds application in many geophysical phenomena, among which turbidity current surges and powder avalanches are important cases. Avalanches are initiated on slopes as steep as 40 ø and typically come to rest on slopes of 5 ø or more [see, for example, Buser and Frutiger, 1980] . The slopes on which turbidity current surges are initiated are less well known. If, however, one accepts the large body of evidence which indicates that submarine canyons and submarine fan valleys were formed by turbidity currents, and that these events are the cause of submarine cable breaks [Heezen, 1963] , and the remote acoustic observations of a channelized turbidity surge [Hay et HI., 1982] , then the typical slopes along the path of a turbidity current surge should range from a few degrees to much less than a degree. The different slopes to be expected for the two phenomena are consistent with the sources and mechanisms responsible for the formation of the unstable deposits from which the events arise. Heavy snowfalls occur at high elevation on steep mountain slopes. Heavy sedimentation occurs on fiver deltas (and occurred in the geologic past at the edges of continental shelves) of modest or small slopes. The magnitude of the bottom slope represents an interesting dynamical difference between the two phenomena.
There are two classes of internal gravity surge on a sloping bottom: (1) the inclined starting plume (a surge followed by continuous flow), and (2) the inclined thermal (a finite length surge generated by a discontinuous source 
THEORY
The two-dimensional, inviscid theory of internal gravity surges on a horizontal bottom and followed by a continuous steady flow of uniform density has been presented by Benjamin [1968] 
DISCUSSION
Because it is assumed that no mixing of the two fluids occurs, and that shear stress at the interface is negligible, the following flow moves with the same speed as the nose. In a frame of reference moving at the frontal velocity, the following flow is therefore stationary and justifies keeping only the sin /3 term in the expression for the down-slope pressure difference at the level of the nose (equations (7a) and (7b)). Friction at the bed causes the overhanging nose, and the effect of the bed shear stress is incorporated into the inviscid theory as the ratio/5 of nose height to head thickness H of the following flow as a constant fraction, taken here to be 0.5, of the head thickness. The same assumptions were made by Benjamin [1968] for surges on a horizontal bottom.
Implicit in the assumptions above concerning the geometry of the head is that the nondimensional profile of the head be universal in shape over the range of slopes considered. Middleton's [1966] 
